Abstract: In this study, the influence of feeding system on the fatty acid (FA) profile of suckler beef (SB), moderate grain-fed (MG), and grass-fed (GF) beef was compared. It was found that total saturated FA content was not affected; however, greater 14:0, total polyunsaturated FA content, and lower n-6/n-3 ratio suggest some transmittance of milk FA in SB calves (P < 0.001).
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In Europe, suckler beef is in great demand and in some cases acquiring protected geographical indication (PGI) status on account of low fat, appealing flavor, and perceived wholesomeness (Bispo et al. 2010) . Although less common in North America, suckler beef could potentially fill a health conscious or environmentally sustainable niche market by providing a diversified, low-input alternative to common high-grain finishing practices. Recently, we demonstrated that various muscles from suckler calves grazing on mountainous range pasture in British Columbia, Canada, had Warner Bratzler shear-force tenderness values lower than that of typical grain-fed beef in North America, suggesting that a greater proportion of the carcass could be marketed for a premium (Hartling et al. 2014 ). In the same study, feeding a moderate grain diet to weaned calves for 100 d did not have a deleterious effect on meat tenderness values (Hartling et al. 2014 ). An evaluation of Spanish suckler beef production systems indicated greater economic returns in addition to producing meat with desirable organoleptic properties and a favorable fatty acid (FA) profile (Aldai et al. 2012) . Suckling activity by calves while grazing alongside their dams can prolong the active function of the reticular groove, enabling some FAs to bypass the rumen. This could potentially contribute to greater tissue deposition of desirable FAs, such as omega-3 (n-3) polyunsaturated fatty acids (PUFAs) and other desirable biohydrogenation intermediates (BHIs), for example, t11-18:1, from the milk. Influence of milk FA on suckling beef up to 8 months (mo) of age suggests persistent activity of the reticular groove (Bispo et al. 2010) . Similarly, low-intensity, forage-based feeding systems for weaned beef are considered to contribute to a healthier, more desirable FA profile, with forages enhancing the proportion of 18:3n-3 and associated long-chain n-3 derivatives in beef tissues, as well as desirable BHIs (Razminowicz et al. 2006) . In this study, the influence of feeding system on the intramuscular FA profiles of suckler, short-term moderate grain-fed, and grass-fed beef was compared.
Longissimus dorsi muscle samples were collected from the three feeding systems described in the companion meat tenderness study, which was approved by the Thompson Rivers University Animal Care Committee and followed Canadian Beef Cattle Code of Practice and Canadian Council on Animal Care guidelines (Hartling et al. 2014) . Steaks from suckler beef (SB, n = 10) were obtained from 10-mo-old Simmental calves slaughtered directly from pasture. A second group comprising of moderate grain-fed beef (MG) calves of the same type was weaned, back-grounded on tame pasture for 60 d, then fed 9 kg rolled barley per day plus ad libitum alfalfa and grass hay for an additional 100-120 d, and slaughtered at 14-16 mo of age. Grass-fed (GF) samples were obtained from steers fed on native pasture for a minimum of 4 mo and slaughtered at 18 mo of age. Intramuscular lipids were extracted using chloroform: methanol (2:1 v/v) with total lipid amount determined gravimetrically (Folch et al. 1957) . An aliquot was then methylated by a two-step base/acid procedure including the addition of 1 mg c10-17:1 as an internal standard (McNiven et al. 2004) , with recovered fatty acid methyl esters (FAME) analyzed by gas chromatography flame ionization detection using a CP-Sil88 column (100 m, 25 μm ID, 0.2 μm film thickness). Hydrogen was used as the carrier gas under constant pressure (25 psi, initial flow rate of 1 mL min −1 ), and with injector and flame ionization detectors, temperatures were held at 250°C. The initial temperature, 45°C, was held for 4 min, increased to 175°C at 13°C min −1 and held for 27 min, and then increased to 215°C at 4°C min −1 and held for 35 min. Relative response factors of individual peaks were determined from commercial reference standards (Nu-Chek Prep Inc., Waterville, USA) and peak order reported in literature was used to identify the FAs (Cruz-Hernandez et al. 2004; Kramer et al. 2008) . The influence of feeding system on the individual animal FAME profile was compared by one-way ANOVA using the PROC MIXED procedure of SAS version 9.2 (Statistical Analysis Systems, Cary, NC). Means are reported as a proportion of identified FAME at a significance level of P < 0.05.
Total intramuscular lipid content was below 5% for all groups; however, it was lower for SB compared to MG or GF (P < 0.01, Table 1), which was likely due to the younger age of the animals and limited fat deposition associated with rapid growth. The intramuscular FA profile (Table 1) was influenced by lipids from three sources: directly from the diet including milk lipids escaping biohydrogenation, microbial and biohydrogenation products, and endogenous desaturase/elongase products. The feeding system did not affect the proportion of total saturated fatty acid content (SFA); however, there were modest influences on individual isomers. The proportion of 14:0 was greatest in SB calves, likely on account of milk consumption (P < 0.001). Milk fat tends to have a relatively high content of 14:0, compared to dietary concentrates or forage sources. Bispo et al. (2010) also noted greater 14:0 content in suckler calves meat compared to weaned calves. Greater proportions of 16:0 found in the MG calves (P < 0.001) may be associated with the higher energy postweaning diet, inducing a shift toward rumen propionic acid formation and in vivo lipid synthesis. In contrast, the greater 18:0 proportion of the GF beef may be a result of extensive ruminal biohydrogenation of dietary PUFAs (P < 0.05). The greater proportion of branched-chain fatty acids (BCFA) of SB and GF animals suggests more microbial lipid influence, either absorbed from milk in the case of SB calves, or as a result of microbial protein recycling (P < 0.001).
MG beef had the greatest proportion of cis-monounsaturated fatty acids (c-MUFAs), intermediate for GB and lowest for SB (P < 0.001, Table 1 ). The majority of c-MUFA are synthesized endogenously through the actions of stearoyl-CoA desaturase (SCD); however, alimentary and BHI sources can also contribute. As such, the SB feeding system resulted in the greatest proportion of c9-14:1, likely through a combination of absorption from milk and endogenous desaturation of 14:0 (P < 0.01). The proportion of c9-18:1, accounting for 85% of c-MUFA under Note: Means within a row without a common lowercased italic letter differed (P < 0.05); S.E.M., standard error of mean; ΣSFA = 14:0 + 15:0 + 16:0 + 17:0 + 18:0; ΣBCFA, branchedchain fatty acids = iso-15:0 + anteiso-15:0 + iso-16 + iso-17:0 + anteiso-17:0; c, cis; t, trans; Σcis-MUFA = c9-14:1 + c7-16:1 + c9-16:1 + c11-16:1 + c9-17:1 + c9-18:1 + c11-18:1 + c12-18:1 + c13-18:1 + c14-18:1 + c15-18:1 + c9-20:1 + c11-20:1; Σt-MUFA = t6-/t7-/t8-+ t9-+ t10-+ t11-+ t12-+ t13-/t14-18:1; ΣPUFA, polyunsaturated fatty acids = Σn-6 + Σn-3; Σn-6 = 18:2n-6 + 18:3n-6 + 20:2n-6 + 20:3n-6 + 20:4n-6; Σn-3 = 18:3n-3 + 20:5n-3 + 22:5n-3 + 22:6n-3. all feeding systems, was greatest for MG calves, followed by GF, and then SB (P < 0.001). Feeding systems that induce lipid deposition are associated with increased SCD expression, contributing to increased abundance of c-MUFAs in tissues (Smith et al. 2009 ). Although not as effective as PUFAs, replacing dietary SFAs with c-MUFAs, as per the Mediterranean type diet, is thought to reduce the risk of cardiovascular disease (Salter 2013) .
Trans-monounsaturated fatty acids (t-MUFAs) are formed from the partial biohydrogenation of dietary unsaturated FAs. Total t-MUFA content was greatest for SB, followed by GF, and then MG feeding systems (P < 0.001, Table 1 ). A combination of milk intake and grazing would contribute to the t-MUFA content of SB calves; however, the lower total fat content would also be an influencing factor. Among the individual t-MUFA isomers, t11-18:1 was the most abundant for all feeding systems, with SB and GF having greater proportions than MG (P < 0.001). As such, the t11-/t10-18:1 ratio was greater for SB compared to MG or GF feeding systems (P < 0.01). The t11-/t10-18:1 ratio gives a relative indication of the rumen microflora population and function, with proportion of t11-18:1 decreasing in association with high soluble carbohydrate diets (Aldai et al. 2012) . Retaining a desirable rumen microflora is important for promoting the formation of t11-18:1, the precursor to c9,t11-18:2, which is predominantly formed endogenously via SCD. As such, SB had a greater proportion of c9,t11-18:1 than MG or GF feeding systems (P < 0.001). Increasing the content of t11-18:1 and c9,t11-18:2 in ruminant products has been suggested to be beneficial, given their purported independent or combined cardio-protective and anticarcinogenic effects (Pfeuffer and Schrezenmeir 2006) .
The PUFA content was greater for SB than both MG and GF feeding systems (P < 0.001, Table 1 ), largely as a reflection of total fat content. As such, SB calves had a greater n-6 PUFA content than MG and GF feeding systems in spite of not having access to cereal grains (P < 0.01). The 18:2n-6 content accounted for the majority of n-6 PUFAs, with SB calves having a greater proportion than MG or GF (P < 0.001). The proportion of the major in situ n-6 long chain PUFA (LC-PUFA, ≥20 carbon) derivative, 20:4n-6, was greater for SB than MG, whereas GF was intermediate (P < 0.05). The n-3 PUFA content, largely comprised of 18:3-3, was greater for SB than MG or GF feeding systems (P < 0.001). Directly, 18:3n-3 is not considered to have strong anti-inflammatory effects; however, it is indirectly beneficial through its higher affinity for enzymes responsible for synthesis of LCPUFAs compared with 18:2n-6 (Calder 2006; Salter 2013 ). The n-3 LC-PUFAs derived in situ from 18:3n-3 are primarily responsible for formation of anti-inflammatory eicosanoids; hence, the emphasis is on increasing their daily consumption (Calder 2006) . The 20:5n-3 content was greater for SB than MG and GF feeding systems (P < 0.001). Similarly, proportions of 22:5n-3 and 22:6n-3 were greater for SB than MG, whereas GF was intermediate (P < 0.05). As a result, the n-6/n-3 ratio was lower for SB than MG and GF (P < 0.001); however, the ratio was below 3:1 for all feeding systems. Current health recommendations encourage increased PUFA intake to reduce the risk of developing cardiovascular disease, in combination with pursuing a dietary n-6/n-3 ratio of 4:1 or lower to counteract the pro-inflammatory state associated with low n-3 PUFA diets (Salter 2013) . Proportionally, SB meat would provide nearly twice the content of PUFAs, including LC-PUFAs, than the MG and GF meat, contributing to daily LC-PUFA intake and reducing the risk of developing disease associated with inflammatory response (Calder 2006) .
In summary, the FA profile of SB meat had the greatest proportion of desirable PUFAs and BHI, as well as the lowest n-6/n-3 ratio, which when combined with the previously determined desirable tenderness scores, would suggest a high potential for marketing a premium niche market product based on health attributes. In comparison, the MG and GF FA profiles had lower PUFA content; however, their desirably low n-6/n-3 ratios would still contribute to achieving a daily intake ratio of 4:1, which is considered beneficial for human health.
